Abstract: Guava (Psidium guajava L.) 
I. Introduction
Guava (Psidium guajava L.) is one of the economical fruit crops in the Myrtaceae family, generally known as 'the apple of tropics'. It considers one of the most important fruits of high nutraceutical value in international trade and domestic economy of several tropical and subtropical countries (Chandra et al., 2010 and Kamle et al., 2013) . Guava plant is widely adopted and can tolerate frost, drought and salinity conditions (Samson, 1986) . It is an important food crop and medicinal plant in tropical and subtropical countries and is widely used as food and in folk medicine around of the world (Rosa et al., 2008) . The fruit of guava is highly valued and used in a number of different ways. It is contains four times higher vitamin C than any other fruits. Furthermore, the high concentrations of pectin content in guava fruit plays a noteworthy role in cholesterol drop and thus losses the cardiovascular diseases (Singh, 2005 ; Ria et al., Bajpai et al., 2016) . It is well accepted by the consumers, and makes a beneficial contribution to the human diet due to its rich source of minerals and functional components such as vitamins and phenolic compounds (Luiz et al., 2011) . Different parts of the plant have been used extensively in traditional folk medicine. Traditionally, guava is used for the treatment of various ailments like diarrhea wounds, rheumatism, lung problems, ulcers etc. (Sanda et al., 2001) .
It is low in calories and fats but carries several antioxidant polyphenolic and flavonoid compounds that play a crucial role in the prevention of many important diseases like prostate, colon, and epidermal cancers, as well as leukemia (Manosroi et al., 2005; Chen et al., 2007; Gutiérrez et al., 2008; Chen et al., 2010; and Ryu et al., 2012) , aging, infections, etc. The wood is moderately strong and durable indoors; it is used for handles and in carpentry and turnery, and also for building timbers, wood ware and carvings. The flowers provide nectar for bees and contribute to honey production (Verheij and Coronel, 1991) . Guava is generally cross-pollinated and is usually be propagated by seeds, which leads to a wide range of genetic variability (Mehmood et al., 2013 (Mehmood et al., , 2014 . As a result, there are differences in fruit quality and the quantity of yield. However, there is no way other than the seeds for propagation. Thus to meet the demand of planting material, it is necessary to obtain a true to type plants through a method of rapid vegetative propagation. Nevertheless, vegetative (asexual) propagation by cutting is practiced on a limited scale and is not successful because it is hard to root. Plant tissue culture (micropropagation) is recognized as one of the key areas of biotechnology because of its potential use to regenerate elites while conserving valuable plant genetic resources (Liu and Yang, 2011) . In addition, in vitro propagation approaches have been used as an efficient tool for the large-scale propagation of a number of commercially important plants, and it has proved that tissue culture has several potential advantages over conventional propagation methods, like high multiplication rate in short time, season-independent production of plants, production of disease-free plant and germplasm conservation (George and Debergh, 2008) . In commercial industry, the maintenance of true-to-type nature of the in vitro propagated plants is an important requisite for upholding certain agronomic and horticultural traits when using elite genotype. From previous studies, some authors worked on micropropagation of guava cv. Plant Prabhat (Mishra et al., 2007) , cv. Allahabad and cvs. Jen-Ju, Li-Tzy, Paistani, Shyh-Jii, and Huang. (Saelew and yang, 2009 ). In vitro propagation of guava may be an efficient way to produce superior seed strains of guava (local name Ghonamy).
In Egypt, there are some superior guava seed strains, which are characterized by shape, color, taste, flavor and low content of seeds. (Figure 1) . Thus, one of these strains was selected as a superior plant source for in vitro propagation in the present study. However, there are several problems associated with in vitro culture of explants obtained from mature trees of guava such as browning or blackening of medium and/or explants due to leaching of phenolic, microbial contamination, and in vitro tissue recalcitrance etc. High phenolic exudation during the excision of plants, explant browning, medium discoloration, and slow growth response have made the ordeal for workers dealing with several woody tree species including guava (Rout et al., 2000) . Therefore, the present study aimed to develop an efficient in vitro propagation protocol for rapid and mass propagation of these seed strains grown in Egypt (local name Ghonamy). As well as for solving some problems which facing micropropagation of guava.
II. Materials And Methods

Explant source and sterilization
Nodal segments of healthy lateral branches of guava (Psidium guajava L.) were collected in Spring, Summer, and Autumn from mature field-grown superior trees in El-Kalyoubia governorate, Egypt. Nodal segments were chosen for the in vitro propagation of P. guajava L. because shoot tips were too small and very difficult to be sterilized or survived. The explants were placed under running tap water for one hour followed by washing with commercial detergent (Pril) for five minutes, then washed with tap water for one hour. Followed by keeping in Benlate (antifungal) (1 g/l) along with few drops of Tween-20 for ten minutes. Later on, explants were washed thoroughly by keeping under running tap water till all residues get washed out. Surface sterilization was done by immersing explants in 70% ethanol (v/v) for one minute followed by 0.05% HgCl2 (mercuric chloride) solution containing few drops of Tween-20, for two minutes followed by 3-4 washing using double distilled water. Then the explants were disinfected, using 2% (w/v) sodium hypochlorite (NaOCl) for 10 minutes followed by 5-6 washing with sterilized distilled water. Finally, explants were left under aseptic conditions in laminar air flow cabinet in an antioxidant solution (150 mg/l citric acid and 100 mg/l ascorbic acid) until culture to overcome phenol exudation.
Culture media and conditions
Explants were cultured on Murashige and Skoog (MS) basal medium (Murashige and Skoog, 1962; Duchefa, Haarlem, Netherlands) with 30 g/l sucrose, 100 mg/l myo-inositol and solidified with 3 g/l (w/v) phytagel (Duchefa, Haarlem, Netherlands). Antioxidant agents viz. 150 mg/l citric acid and 100 mg/l ascorbic acid and absorbent as 100 mg/l polyvinylpyrrolidone (PVP) and 2 g/l activated charcoal (AC), were added to establishment medium for reduce phenolic compounds. Various concentrations and combinations of plant growth regulators (PGRs, Sigma Cell Culture, min. 90%, St. Louis, USA) were added to the culture medium according to the growth stage. The pH of the media was adjusted to 5.7±0.1 then, dispensed in culture tubes 25x150 mm containing 15 ml of MS medium (for initiation and rooting stages) or large jars (350 ml) contained 40 ml (for multiplication stage) and autoclaved at 121°C at a pressure of 1.1 kg/cm² for 15 min (Harvey Sterilemax autoclave, Thermo Scientific, USA). Cultures were incubated in a temperature of 25±2°C under dark (for initiation and rooting stages) for one week after that, exposed to photoperiod of 16 hours with a light intensity of 20 µ Mol/m2/s (F140t9d/38, Toshiba), and under relative humidity of 60-65%.
Effect of seasonal variation
Nodal segments were collected in three different seasons (Spring, Summer, and Autumn) in the middle of every month and cultured on MS medium without PGRs, in order to determine the most suitable season to take the explants. After four weeks of culturing, survival and browning percentage (%) were recorded.
Culture establishment
Explants of guava cultured on MS medium supplemented with 6-benzyl adenine (BA), at different concentrations of (2.22, 4.40 and 8.90 µM) and indole-3-butyric acid (IBA) 0.98 µM in addition MS medium without PGRs was used as a control. After four weeks, sprouting percentage (%) and average shoot length (cm) were recorded.
Shoot multiplication
In this experiment, the in vitro established shoots were cultured on MS medium supplemented with different concentrations of BA (2.22, 4.40, 8.90 , and 17.80 μM) and kinetine (kin) (2.32, 4.60, 9.3, and 18.6 µM) and in addition MS medium free from cytokinins was served as control. After four weeks of culturing, were recorded proliferation rate (average number of new shoots produced per explant) and average shoot length (cm). The micropropagation cycle consisted of a monthly subculture.
Rooting induction and acclimatization
Elongated shoots derived from nodal explants, were cultured on solid half strength MS medium containing (IBA) (Sigma Cell Culture, St. Louis, USA) at (0.0, 2.46, 4.9, 7.36, and 9.8 μM ) and β-naphthalene acetic acid (NAA) at concentrations of 0.0, 2.69, 5.37, 8.06 and 10.74 μM.. After four weeks from culturing were evaluated the percentage of rooted shoots (%), an average number of roots/ shoot and an average length of a root (cm). The rooted shoots were removed from the medium, washed in running tap water to remove all traces of phytagel and dipped carefully for 5 min in 1% Benlate (systemic fungicide) and transferred to 6 cm diameter plastic pots filled with a mixture of sand, garden soil and peat moss at equal volume. Initially, plantlets were covered with a polyethylene bags and transferred to the greenhouse at (26 ± 2 C° 70 -80% relative humidity). After eight weeks, polyethylene bags were eliminated gradually from pots for compatible hardening. The plantlets were irrigated with 1/10 MS medium every five days. Finally, they were transferred outside the greenhouse under natural light conditions.
Statistical analysis
Experimental data were conducted as completely randomized design, with 45 replicates for each treatment. Variance analysis of data was carried out using ANOVA program for statistical analysis. The differences among means for all treatments were tested for significance at 5% level by using Duncan,s multiple range test Duncan (1955) and modified by Snedecor and Cochran (1990) .
III. Results And Discussion
Effect of seasonal variation
The efficiency of micropropagation through nodal segments culture in mature trees depends greatly on the season of explants. Data in Table 1 show that the browning percentage had the lowest value during Autumn (6.70%) and the highest survival percentage (93.3%) was observed during Autumn. Higher explants establishment and lower loss of the culture explants from browning were obtained. On the other hand, the lowest survival percentage (13.3%) and the highest browning percentage of explants (86.7%) were obtained in Summer. Comparison in a different season to take nodal segments for culturing it was found that the highest survival percentage and low browning was more effective in Autumn and Spring than Summer, in Summer season had lower survival percentage and higher browning percentage.
There is the enormous problem for an establishment of in vitro cultures of woody plants. Roussos and Pontikis (2001) reported that explant collection was a major factor influencing the relative concentrations of various phenolic compounds in olive explant. Also, Saelew and Yang (2009) who found that survival percentage and fresh weight were higher in the treatment of using Autumn and Spring shoots than Summer shoots. Phenolic exudation during the excision of plants of several woody tree species including guava cause browning of media occurred (Rout et al., 2000) . Browning of tissue is caused by the oxidation of tannin and polyphenols and the formation of quinones which are highly reactive and toxic to the plant tissues contain these substances in separate pools or compartments. During tissue wounding, these pools are integrated and the oxidation process is initiated (Monaco et al., 1977) . Addition of antioxidants (ascorbic and citric acid), activated charcoal (AC) and (PVP) as adsorbent agent to establishment medium has been reported as effective in preventing an oxidation of phenol (kumar and kumar, 1998, Ahmed et al., 2013 and Ahmed et al., 2016).Therefore, oxidized phenolic compounds may inhibit enzyme activity and result in darkening of the culture medium and subsequent lethal for explant. As browning of media 
Culture establishment
The plant regeneration from nodal segments is considered to be one of the most promising ways for multiplying a selected variety true to type (Ahmed and Anis, 2014). Concerning the establishment nodal segments of P. guajava L. data in Table 2 showed that sprouting percentage ranged between 16. 7 to 91.7%. Data obtained after four weeks of culture revealed that nodal segments gave the highest sprouting percentage (91.7%) and average shoot length (1.75 cm) on MS medium supplemented with 8.9 µ M BA and 0.98 µ M IBA, (Figure 2 A) , followed by MS medium containing 4.4 µ M BA and 0.98 µ M IBA which gave 75 % sprouting percentage and average shoot length of 1.77 cm. It noticed that, MS medium containing 2.22 µM BA and 0.98 µM IBA gave the highest average shoot length was 1.83 cm. The sprouting of shoots percentage increased gradually with an increase in BA concentration. On the other hand, the lowest sprouting percentage was recorded on MS medium without plant growth regulators (control). From the previous results, it is clear that MS medium containing 8.9 µM BA and 0.98 µM IBA gave rise to the best results for nodal segments. These results are supported by (Mishra et 
Shoot multiplication
Data on multiple shoot induction from nodal segments explant culture on MS medium with different concentrations of cytokinins (BA and Kin) present in Table 3 . Multiplication was seen with all tested cytokinins (BA and Kin) since, Table 3 showed that the highest average number of shoots per explant was 4.8 and the highest average shoot length reached 4.3 cm on MS medium containing 4.4 µM BA compared to the other BA treatments (Figure 2 B) . Concerning Kin they gave lower results in comparison with BA. When cultured on medium supplemented with Kin (18.6 µM) gave 3.1 shoots/explant and shoot length of 1.9 cm. There was no sign of growth when explants were cultured on the medium without PGRs. This indicated that cytokinins had a positive and stimulating effect because their uptake, transport, and metabolism differ between varieties and they can interact with endogenous cytokinins of explants (Vanstaden et al., 2008) . Increasing BA concentration up to 8.9 µM in medium decreased average number of shoots and shoot length. From the observations, BA more suitable than kinetine for shoot multiplication, this finding is in agreement with many authors who reported that BA has superior shoot induction ability over other cytokinins (Siddique and Anis, 2009 and Silveiraa et al., 2016) . BA is not easily broken down and therefore persists in the medium. It is also possible that the amount of BA that got conjugated in the medium was smaller than what happened to the other plant hormones. This would then have larger amount of BA existing in their free or ionized forms and were readily made available to plant tissues from the medium (Buah, et al., 2010) . Generally, BA was more effective on shoot formation than Kin in guava, indicating cytokinin specificity for shoot induction in its tissue. It is well known that cytokinins stimulate plant cell division and participate in the release of lateral bud dormancy, in the induction of adventitious bud formation, in the growth of lateral buds and in the cell cycle control (Gaspar et al. 2003) .This might be due to its concentration fit to stimulate the tissue to metabolize the endogenous hormones and induce the production of endogenous for hormones the induction of multiple shoots.
Rooting induction and acclimatization
For better establishment of plantlets in the field, well developed rooting system is necessary. The multiplied shoots were induced to regenerate roots in half MS sold medium supplement with different concentration of IBA and NAA. Maximum rooting percentage (66.7%) occurred in vitro in sold half MS medium with 9.8 µM IBA (Table 4 and Figure 2 C-D) , the number of roots per shoot was (3.60) and root length reached (3.33 cm). Also, the second best rooting percentage (49.5%) with average root number per shoot (2.92), and length 1.9 cm, were obtained on MS medium supplemented with 7.36 µ M IBA. On the other hand, half strength MS medium without auxin (control) failed to induce rooting. In the present study, half strength MS medium was adequate for root induction. Relatively, low salt concentration in medium are known to enhance rooting and shoot in several plants species (Zhou, et al., 2010) . Moreover, all concentrations and type of auxin used, markedly, influenced the percentage of root formation. IBA is commonly used to promote root initiation both in vitro and in the propagation by cutting (Pan and Zhao, 1994 and Housman 2003) has shown that in tissue culture media, IBA oxidized slowly (10%), Its slow movement and delayed degradation may be the primary reason for better performance of IBA as compared to NAA. The effectiveness of IBA to induction roots was reported by (Sambe et al., 2010) . IBA is an auxin with high potential for root induction on shoot.
The superiority of IBA for root induction over other auxin has also been reported in many plants on Garcinia indica (Malik et (Sutter et al., 1992) . The plantlets were successfully transferred outside the greenhouse (Figure2 F-G). In conclusion, a reproducible and efficient micropropagation protocol has been developed, using nodal segment explants collected in Autumn from elite plant guava (P. guajava L.). Moreover, there are difficulties in establishing aseptic cultures from mature explants along with browning of explants have limited progress towards the development of in vitro propagation. Multiplication rate with uniform growth and length of shoots has been achieved. The shoot rooted in vitro and 50% of plantlets successfully acclimatized in a greenhouse. From previous data, P. guajava L. needs more studies to improvement the rooting percentage and acclimatization. 
